Background
Angiotensin-converting enzyme inhibitors (ACE-I) were first introduced in 1981. Initially only indicated for treatment of refractory hypertension, they are now widely used in hypertension, as well as to reduce morbidity or mortality in patients with congestive heart failure, myocardial infarction, diabetes mellitus, chronic kidney disease, and atherosclerotic cardiovascular disease [1] . ACE-I can also attenuate cardiac remodeling in different pathological models [2] .
Ramipril is an ACE-I, primarily reducing the rate of conversion of angiotensin I to angiotensin II. Inhibition of angiotensin-converting enzyme is also associated with a decline of bradykinin degradation, which is likely to have beneficial effects on the circulation and kidneys [3, 4] . Ramipril has been increasingly used after the publication of the HOPE trial, while the growth in rates of use of other ACE inhibitors remains constant or decline [5] . Due to its broad range of indications, especially for congestive heart failure treatment, ramipril is the second most widely prescribed ACE-I in Poland [6] . The number of patients on ramipril in Poland is estimated at 1.5 million. It is also the most prescribed pharmaceutical in Estonia and Lithuania in 2009 and is among the top 20 dispensed drugs in Canada in 2010 [7, 8] . Annual sales of ramipril capsules in the United States were approximately $898 million USD for 12 months ending June 2008, according to IMS Health data [9] .
During ACE-I treatment, different adverse effects have been reported, such as: hypotension, cough, hyperkalemia, renal impairment, headache, dizziness, fatigue, nausea, angioedema and allergic reactions [4] . Dry, persistent cough is a well-described adverse effect of the ACE-I class medications [10] and is the most frequently reported adverse drug reaction (ADR) [11, 12] . In the general population, a significant and clinically relevant proportion of patients experiencing ACE-I-induced cough are treated with antitussive agents, which may subject them to extensive and unnecessary evaluations, diagnostic tests, and consultations [13, 14] . The mechanism of ACE-I-induced cough remains unclear, but likely involves the protrusive mediators bradykinin and substance P, and is defined as extrathoracic airway hyper-responsiveness (EAHR) [15] . ACE-I-induced cough has not been demonstrated to be dose-dependent [10] .
The use of ACE-Is can trigger the development of cough and also intensify stimulation of the cough reflex induced by other causes. ACE-I-related cough was reported more frequently in women treated for heart failure, in patients with respiratory diseases (bronchial asthma, chronic obstructive pulmonary disease), diabetes, concurrent use of other drugs, (indomethacin, amlodipine, nifedipine or theophylline) and in smokers [10, [16] [17] [18] [19] [20] . It has been shown that a genetic predisposition, especially in women, may increase the risk of ACE-I-related cough [21] .
The incidence of ACE-I-related cough has been reported to be in the range of 5% to 35% [10] . In large observational studies, the incidence of cough in patients treated with ramipril ranged from 3.0% to 24.3% [22, 23] . The incidence and prevalence of ramipril-related cough in the Polish population is unknown at present. The onset of cough is a common reason for discontinuation of ACE-I therapy. In the ONTARGET study, 4.2% of ramipril-treated patients experienced cough, and 100% of these patients discontinued its use because of that [15] .
ACE-I-related cough may occur as early as after the first tablet or after many weeks or months. After discontinuation of ACE-I therapy, cough may persist for a few weeks, but generally no longer than 3 months [10] . The ACCP (The American College of Chest Physicians) Evidence-Based Clinical Practice Guidelines for ACE-I-related cough advocate that in patients in whom cough resolves after the cessation of ACE-I therapy, a repeat trial of such therapy may be attempted [10] .
The only effective therapy for ACE-I-related cough is the cessation of therapy with the agent and substitution with another inhibitor of the renin-angiotensin system. The resolution of cough (usually within 1 to 4 weeks of the cessation of ACE-I use) confirms the diagnosis of ACE-I-related cough. [10] . Most guidelines recommend substitution with an angiotensin receptor blocker in case of troublesome and recurrent cough after ACE-I [24, 25] . There are no specific Polish guidelines concerning this issue.
The aim of this pharmacoepidemiological study was to assess the incidence of ramipril-related cough among the Polish population, and characterize the patients particularly vulnerable to the adverse effect of dry cough and risk factors during ramipril therapy.
Material and Methods
This survey was conducted in 2010 and is comprised of responses from 517 general practitioners (out of 800 invited) working in primary care, private practice, and specialty clinics throughout Poland. The inclusion criteria for the study were the use of ramipril for no longer than 8 weeks, and 18 years of age or above. Patients treated with angiotensin II receptor type 1 antagonists (sartans) were excluded.
The patients were instructed (at the baseline visit) to report during the subsequent visit the onset of any adverse drug reactions (ADR) (hypotension, cough, headache, dizziness, fatigue, nausea, angioedema and other allergic reactions) that developed if and when they had stopped taking ramipril, and how such actions influenced the ADRs. Patients were not informed that incidence of cough was the main aim of the study, so there was no chance for Hawthorne effect [26] . At the baseline visit the incidence of cough, time of its appearance and disappearance after eventual ramipril discontinuation was analyzed retrospectively.
The basic study questionnaire consisted of 2 parts. An additional, third, part of the survey was conducted only for patients experiencing cough and discontinuing ramipril therapy ( Figure 1 ). The patients did not actively participate in completing surveys. Surveys were completed by the physicians (as well as the monitoring of renal dysfunction and electrolyte imbalance).
The first part of the form (collected during baseline visit) included patient demographic data (sex, age, place of
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Med Sci Monit, 2012; 18(9): PI21-28 residence, education, and labor activity). Anthropometric data (weight, height, and waist circumference), 2 blood pressure measurements, date of initiation of treatment with ramipril, and the indications for the use of ramipril.
Current cigarette use and history of chronic diseases favoring the occurrence of cough (chronic obstructive pulmonary disease, asthma, allergic rhinitis, chronic rhinosinusitis, history of tuberculosis, mitral valve disease, and thoracic aorta aneurysm) were also recorded. We also collected data on eventual appearance of cough after ramipril treatment before the follow-up visit (whether it disappeared after ramipril discontinuation, and after how many days), nature of the cough, accompanying symptoms suggestive of acute respiratory tract infection (fever, rhinitis, muscle aches, bone and joint pain, shortness of breath), and data from an interview on the prevalence of cough during the previous ACE-I treatment.
The second part of the questionnaire was collected during the follow-up visit (after 4-8 weeks) and included the data on patient adherence to ramipril therapy, eventual reasons for discontinuation, and the occurrence of cough and associated symptoms (as at the baseline visit). For patients who stopped taking ramipril before the follow-up, there was the additional question of whether the cough resolved after discontinuation of the ramipril (after how many days).
The third part of the survey was conducted only for patients with cough who had discontinued ramipril therapy during their second follow-up visit. This survey was conducted between 4-8 weeks after the first follow-up visit (following the established method of diagnosing ACE-I-induced cough). It included only questions about the continuation or discontinuation of cough after cessation of treatment with ramipril.
This questionnaire-based survey did not fulfill the criteria of medical experimentation and thus did not require ethics committee approval.
Calculation of study size
Based on existing published studies, we postulated that ramipril-related cough would occur in approximately 10% of the population. Sample size with 0.5% error was calculated at 9,740. However, given the possible lack of response from about 20% of responders, the sample size was estimated at n=12,175 [27] .
Data analysis
BMI was calculated on the basis of body weight and height. According to the widely accepted WHO criteria, overweight was defined as a BMI greater than 25 and lower than 30 kg/m Ramipril-related cough was defined as cough not related to the signs of respiratory tract infections, and that disappeared
Patients included -n=10,380 Patients reporting cough -n=869
Cough accompanied by the features of acute infection -n=162
Cough not related to the features of acute infection -n=707
• Discontinuation of ramipril because of cough before the initial visit -n=245 (cough subsided in n=189)
• Continuation of ramipril regardless of cough -n=624
Patients lost to follow-up n=225 (14 with cough)
Patients lost to the second follow-up visit n=56
Patients who discontinued treatment for ADR n=169 (due to cough n=134, subsided in 78)
Patients who discontinued treatment in their own decision n=129
Baseline visit
Follow-up visit (all patients) (after 4-8 weeks)
Second follow-up visit (patients with reported cough)* (after 4-8 weeks)
Patients on ramipril -n=9,612
Patients previously reporting cough -n=476 New incidences of cough -n=56 Cough accompanied by the features of acute infection -n=29
Cough not related to the features of acute infection -n=27
• Discontinuation of ramipril because of cough at the visit -n=379
• Continuation of ramipril regardless the cough -n=153
Patients -n=323
Cough persisted in n=63 Cough subsided in n=260 * Second follow-up visit was conducted only for patients with reported cough at rst follow-up visit The results of this analysis are presented as rates or as an average with standard deviation. Univariate and multivariate backward stepwise grouped logistic regression analysis were performed including factors potentially favoring the occurrence of chronic cough, including smoking. Ageadjusted odds ratios are presented with 95% confidence intervals. All variables were tested for the presence of multi co-linearity, which was assessed with the variance inflation factor (VIF) and the conditional index [29] . Based on the literature, to ensure that there is no co-linearity, the VIF value should not exceed 5, while the value of conditional factor should not exceed 30. The goodness of fit of the regression model was assessed with the Wald c 2 test. The frequency of categorical data was compared using the c 2 test, and 95% confidence intervals were calculated with continuity correction according to methods described by Newcomb [30] . Statistical analysis was performed with STATISTICA 8.0 PL software and R software. P<0.05 was considered as statistically significant. All tests were 2-sided.
results

Characteristics of the study group
A total of 10,380 patients treated with ramipril, including 50.8% men and 49.2% women, participated in the study (Table 1) ; 25.8% of respondents were aged >65 years, and 28.9% of participates were currently smokers (17.3% women and 40.1% men, p<0.001).
Overweight or obesity was identified in 48.2% and 33.2% cases in the whole group, respectively; 1.3% of participants had severe obesity, and 69.1% of patients had abdominal obesity. Diabetes mellitus affected 32.2% of the respondents. Co-morbidity is summarized in Table 1. A total of 21.4% of patients had pathologies conducive to the occurrence of chronic cough (chronic obstructive pulmonary disease, asthma, allergic rhinitis, chronic sinusitis, history of tuberculosis, mitral valve disorder, thoracic aortic aneurysm). Co-morbid mental illness was identified in In 23.8% of respondents there was more than 1 registered indication for the use of ramipril ( Table 2 ). The most common indication was hypertension (93.0%), followed by heart failure (21.4%). Diabetic nephropathy was the third most frequent indication (8.1%). Ramipril was obtained "off label" (outside of the registered indications) by 0.5% of patients
Occurrence of cough
A total of 869 patients (8.3%) (95% CI: 7.9-8.9%) complained of cough, mostly dry (91.8%), during the baseline visit. Cough occurred on average 13±9 days (from 1 to 60 days) after the initiation of ramipril therapy. After excluding patients with cough accompanied by the features of acute infection (fever, rhinitis, myalgia) from the analysis, the incidence of cough decreased to 6.8% (95%CI: 6.3-7.3%) (n=707). Of the study participants, 7.5% (n=695) had a previous history of cough related to etiology other than ramipril ACE-I. A total of 52.5% of responders who reported a cough that discontinued after cessation of ramipril, the adverse effect previously occurred during treatment with other ACE-Is. The cough did not appear after initiation of ramipril therapy until the baseline visit in 4.2% of all study participants with a positive history of cough during the use of another ACE-I.
A total of 28.2% (n=245) of respondents discontinued the use of ramipril because of cough. In 77.1% of patients who discontinued treatment, cough resolved after 2-15 days (median and interquartile range 5 [4] [5] [6] [7] [8] [9] [10] days), while in 23.9% of patients cough persisted despite the discontinuation of ramipril. At the baseline visit, 624 patients remained on ramipril therapy despite the occurrence of cough.
A total of 10,127 (97.6%) of participants attended the follow-up visit (after 4.1±0.5 weeks). A total of 9,612 (94.9%) were still on ramipril therapy, while 298 (3.1%) had discontinued the use of ramipril. Discontinuation of ramipril was reported secondary to ADRs in 56.8% (n=169) of patients, negative patient opinion concerning the necessity for the use of the medicine 41.2% (n=123), and economic reasons 2.0% (n=6). After therapy cessation, the cough resolved in 58.2% of affected participants who stopped the ramipril therapy. The median time of cough subsiding after discontinuation of ramipril treatment was 5 (interquartile range 4-11) days (range from 2 to 20 days).
ADRs, excluding cough, were reported in 171 (1.7%) patients on ramipril therapy, including hypotensive episodes, impairment of renal excretory function, and headaches.
Cumulative incidence of ramipril-related cough
Ramipril-related cough not associated with infection, excluding cases with persistent cough 8 weeks after cessation of therapy, was observed in 736 participants (7.1% [95% CI: 6.6-7.6%]) of the (7.6% of women and 7.2% of men; ns) up to the end of the observation period, while episode of cough regardless of cause was observed in 925 of participants (8.9% [95% CI: 8.4-9.5%]) ( Figure 2 ).
Therapy with ramipril was discontinued in 702 of 925 patients with cough. The symptom subsided in 527 of them (75.1%). In all patients reporting the appearance of cough within the first 5 days after therapy initiation, the cough symptoms resolved after therapy was discontinued. If the cough appeared within 6-10 days, it subsided after discontinuation in 81.6%, and persisted in 30.4% of those reporting the appearance of cough later than 10 days after therapy initiation.
Ramipril-related cough occurred significantly more in patients with chronic diseases conducive to the occurrence of chronic cough -chronic obstructive pulmonary disease, asthma, allergic rhinitis, chronic sinusitis, history of tuberculosis, mitral valve disorder or thoracic aortic aneurysm (10.6% vs. 6.1%, p<0.001). In univariate age-adjusted logistic regression, ramipril-related cough occurred significantly more frequently in patients with hypertension, peptic ulcer disease, asthma, COPD, prior history of tuberculosis, and smokers. Ramipril-related cough occurred less frequently among those suffering from gastro-esophageal-reflux disease (GERD) and chronic rhinosinusitis (Table 3 ).
In this study of over 10,000 patients treated with ramipril, logistic regression adjusted for age analysis identified female sex (OR=1. [3.63-10 .55]) to be significantly and independently associated with the onset of cough not related to acute infection, as well as subsiding after ramipril therapy cessation (Figure 3 ). GERD and chronic rhinosinusitis were the only 2 factors demonstrating a decreased risk of cough in this model. For any variable included in the regression model, the VIF did not exceed the value of 1.11 (mean: 1.04±0.04). Maximal value of the conditional index was 3.48 (mean: 1.83±0.72). Based on these results, we may expect that our logistic regression model is free from multicollinearity.
discussion
This study shows that ramipril-related cough occurred in 7.1% of Polish patients on ramipril therapy. Factors such as female sex, cigarette smoking, chronic obstructive pulmonary disease, asthma and previous history of tuberculosis seem to contribute to an increase in its occurrence. A baseline history of these factors may therefore be helpful in identification of patients particularly at risk of its occurrence. Careful attention to patients with these risk factors may prevent misdiagnosis and improper treatment of this well-known adverse-effect. Perhaps in these patients it would be reasonable to substitute ACE-I for an angiotensin II antagonist, bearing in mind that ACE-I-induced cough is a class-wide adverse effect and may occur with other agents in this class. There is also a 10-times increased risk for potentially fatal angioedema in patients with a history of ACE-I-related cough [31] .
The CARE study evaluated the incidence of cough in a large population of Americans with hypertension (N=11,100) [22] . During an 8-week observational period, the incidence of dry cough was reported in 3.0% of patients. It is possible that not all incidences of cough were reported by the team of researchers. However, much higher rates were reported in a study conducted in India, where a rate of 24.39% was recorded [23] . The incidence of cough in patients treated with ramipril has also been reported in the ONTARGET and Pharao trials, in 4.2 and 4.8% of participants, respectively [15, 32] . The most similar results to those reported in our study were reported by Lacourciere et al in n=405 Canadian patients and in n=1,048 patients in a study by Hathiala [33, 34] . During a period of 14 weeks in the Canadian study and at the end of an 8-week period in the Hathiala study, the incidence of cough was reported as 10.1% and 10.0%, Table 3 . Factors influencing ramipril-related cough (age-adjusted univariate logistic regression). respectively [34] . The observed discrepancies may be partially explained by various racial differences, co-morbidities, and pharmacotherapies. The CARE study determined that cough appeared most frequently among Caucasian patients, constituting 77.8% of study participants [22] . This racial differentiation may not explain the markedly greater incidence of cough in the Polish population reported in this study, compared to the Americans in the CARE study.
OR (95% CI) p
In this study we found a higher incidence of ACE-I-related cough in women (OR=1.35). These results confirm results of another published study supporting the hypothesis that women are more susceptible to developing ACE-I-induced cough [21] .
Co-morbid conditions are also factors that may influence variation in reported incidence of cough. In this study, we did not exclude patients with illnesses pre-disposing patients to chronic cough, which was 21.4% of the study participates. In these patients, the incidence of ramipril-related cough was 10.6%. One study identified a group of patients with asthma who exhibited cough during treatment with ACE-I, and found that the sensitivity of cough reflex increased during the treatment [16] . As shown, ACE-I sensitizes the cough reflex. It is therefore not surprising that cough is more common among patients with COPD (OR=1.7) or asthma (OR=1.6), or in smokers (OR=2.51).
Although according to some researchers ACE-I-related cough is less common in smokers [8] , in our study cigarette smoking increased the risk of cough by more than 2-fold (OR=2.51). Such an association was not found by Singh et al. in their observation of a much smaller population of patients (n=250) [23] .
We found that rhinosinusitis was not among the illnesses that independently increased the risk of ACE-1-related cough, probable as this etiology is frequently associated with asthma [35] . The absence of chronic rhinosinusitis among the independent factors demonstrating an increased risk of ramipril-related cough in our study may suggest that only a subset of patients with eosinophilic airway inflammation have an increased risk of ramipril-related cough.
During ACE-I treatment, cough occurs most frequently in the early period of therapy. In our study, ramipril-related cough occurred on average of 13±9 days after initiation of treatment. The Hathial study reported an even earlier appearance of this adverse drug reaction. According to this research, during the first week of treatment coughing occurred in 7.1% of 1,048 patients with a high risk of cardiovascular disease, and at the end of the 8-week observation the prevalence of cough increased to 10.0% [34] .
The causal relationship between ACE-I and cough also indicates a reduced resolution if the symptom onset appeared in the later period of observation. According to our findings, after discontinuation of ramipril treatment, cough resolved in 75.8% of patients if the symptom occurred before the baseline visit, and in 58.8% of those who stopped taking ramipril after the baseline visit.
The incidence of cough can also be affected by the use of other drugs. In this study, data on the concomitant treatment of cardiovascular and respiratory diseases were not collected. Thus the analysis of the impact of polypharmacotherapy on the incidence of cough cannot be performed and it is among the main limitations of this analysis.
In this study patients that experienced cough and did not attend the second follow-up visit were assumed to have ramipril-related cough. This may possibly have led to overestimation of the percentage of ramipril-related cough.
On the other hand, the first follow-up visit was planned for after 4-8 weeks, while ACE-I-related cough sometimes starts after several weeks or months. This method therefore might lead to some underestimation of the percentage of ramipril-related cough. Both of these assumptions are limitations of this study. conclusions 1. Female sex, cigarette smoking, COPD, asthma and previous history of tuberculosis appear to increase the risk of ramipril-related cough. 2. The later the cough occurs during the treatment, the less often the drug is the cause and the less likely the cough will resolve after discontinuation of treatment.
